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AF'OLLO 8 SEPARATION AND RECONTACT ANALYSIS 

SUMMARY DOCUMENT 

By F l i g h t  S tudies  Sec t ion  

1 . 0  SUMMARY AND INTRODUCTION 

This r epor t  i s  a summary of s epa ra t ion  and r econ tac t  analyses  f o r  
t h e  Apollo 8 mission.  The purpose of  t h i s  s tudy i s  t o  i s o l a t e  t h e  con- 
d i t i o n s  t h a t  produce a recon tac t  p o s s i b i l i t y  and suggest  procedures  t o  
alleviate t h e  s i t u a t i o n .  I n  addi t ion  a summary of a l l  s epa ra t ion  and 
r econ tac t  ana lys i s  app l i cab le  t o  Apollo 8 i s  given i n  t a b l e  I f o r  use 
as a reference  t o  s p e c i f i c  s tudy  areas and t o  t h e  p o s s i b i l i t y  o f  recon- 
t a c t  problems. 

The tex t  of t h i s  r epor t  begins wi th  Sec t ion  3 which i s  a s tudy from 
t h e  r econ tac t  po in t  o f  v i e w  of the nominal mission.  The two t i m e  
reg ions  dur ing  t h e  nominal mission when r econ tac t  s i t u a t i o n s  could poss ib ly  
ar ise  (fol lowing CSM/S-IVB/SLA separa t ion  and a f te r  CM/SM s epa ra t ion )  
w e r e  s tud ied  i n  d e t a i l  and presented no r econ tac t  problems. 

Sec t ion  4 i s  concerned with sepa ra t ion  and r econ tac t  a n a l y s i s  of 
abor t  condi t ions .  It i s  d iv ided  i n t o  two major s e c t i o n s .  I n  
Sec t ion  4 . 1  recontac t  problems which might ar ise  during t h e  reg ion  from 
abor t  i n i t i a t i o n  t o  CM/SM separa t ion  are inves t iga t ed .  Seve ra l  problem 
areas arise.  

1. If t h e  TVC/SCS is used t o  damp sepa ra t ion  rates (assuming t h e  
a b o r t  w a s  due t o  tumbling) , t h e r e  are crew performance condi t ions  which 
could  result  i n  recontac t .  The r e s u l t s  of  Sec t ion  4 . 1 . 1  suggest  bounds 
f o r  t h e s e  condi t ions  which would e l imina te  r econ tac t  between t h e  CSM 
and S-IVB. 

2. I f  RCS/SCS is used t o  damp t h e  sepa ra t ion  r a t e s  (LV tumbl ing) ,  
no r econ tac t  occurs  during t h e  r a t e  damping process ;  however, r econ tac t  
can occur between t h e  CSM and e i t h e r  t h e  S-IVB or t h e  SLA panels  fo l lowing  
t h e  SPS burns of launch abor t  modes I11 and I V .  While it would be  pre- 
sumptuous t o  mininize t h e  seve r i ty  of t h e  problem i d e n t i f i e d  h e r e i n ,  
it must be noted t h a t  t h e  u t i l i z a t i o n  of a mode I11 abor t  i s  u n l i k e l y .  
The probable  mode of opera t ion  i s  t o  perform a mode I V  ((201). 
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3. Aborts from EPO, T L I ,  and TLC p resen t  no r econ tac t  problems 
except  i n  t h e  region of abor t s  i n i t i a t e d  during t h e  CSM post-TLI 
evas ive  maneuver (Sec t ion  4.1.5). 

I n  Sec t ion  4.2 , p o s s i b l e  r econ tac t  problems fol lowing CM/SM sepa ra t ion  
are i n v e s t i g a t e d .  The results i n d i c a t e  no r econ tac t  problems e x i s t  
during e n t r y .  

Sec t ion  5 presents  t h e  r e s u l t s  of  s epa ra t ion  and r econ tac t  analyses  
a s s o c i a t e d  wi th  a d e t e c t a b l e  impending S-IVB explosion i n  o r b i t  , CSM/S-IVB 
s e p a r a t i o n  f a i l u r e ,  and t h e  e f f e c t s  of i n t e r f a c e  fo rces  on t h e  CM/SM 
sepa ra t ion .  

J 
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2.0 SYMBOLS 

*' 

APS 

BA 

co 

C O I  

CM 

CR 

C SM 

EDS 

EPO 

GET1 

g . e . t .  

LET 

LH 

LH2 

LO 

LOS 

LOX 

LV 

NPV 

PV 

RCS 

RLP 

S-IVB a t t i t u d e  propuls ion  system 

bank angle  

cu tof f  

contingency o r b i t  i n s e r t i o n  

command module 

c ros s  range 

command and s e r v i c e  modules 

emergency d e t e c t i o n  system 

e a r t h  parking o r b i t  

SPS abor t  burn i n i t i a t e  (mode I11 or IV) 

ground e lapsed  t i m e  

launch escape tower 

l o c a l  hor i zon t  a1 

l i q u i d  hydrogen 

l i f t - o f f  

l ine-of-s ight  

l i q u i d  oxygen 

launch v e h i c l e  

nonpropulsive vent  

propuls ive vent  

r e a c t i o n  c o n t r o l  system 

p red ic t ed  f u l l - l i f t  l anding  range from 
launch pad 



sc 

sc s 

SLA 

SM 

SPS 

TB7 

TB5 

T f  f 

T&D 

TLC 

T L I  

TVC 

spacec ra f t  

s t a b i l i z a t i o n  and c o n t r o l  system 

spacec ra f t  LM adapter  

s e r v i c e  module 

s e r v i c e  propuls ion  system 

t i m e  re fe renced  t o  S-IVB second c u t o f f  

t ime re ferenced  t o  S-IVR f i r s t  cu to f f  

t i m e  of f r e e - f a l l  t o  e n t r y  i n t e r f a c e  

t r a n s p o s i t i o n  and docking 

t r a n s l u n a r  coas t  

t r a n s l u n a r  i n j e c t i o n  

t h r u s t  vec to r  c o n t r o l  
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3.0 SEPARATION AND RECONTACT 

NOMINAL PROCEDURES 

ANALYSIS OF 

There a r e  only two regions when recontac t  s i t u a t i o n s  could poss ib ly  
a r i s e .  The f i r s t  i s  during the  events  fol lowing CSM/S-IVB/SLA sepa ra t ion  
and t h e  second af’ter CM/SM sepa ra t ion .  
i n d i c a t e  t h a t  no recontac t  problems e x i s t .  

The analyses  of t h e s e  regions 

3.1 Nominal CSM/S-IVB Separa t ion  and Subsequent Events 
Up t o  S-IVB Liquid Oxygen Dump 

Twenty-five minutes a r t e r  t h e  second nominal S-IVB c u t o f f ,  t h e  CSM 
sepa ra t e s  from t h e  S-IVB. Separat ion i s  followed by a s imula ted  trans- 
p o s i t i o n  and docking (T&D) , and then  a maneuver i s  performed t h a t  p l aces  
t h e  spacec ra f t  i n  a favorable  p o s i t i o n  t h a t  avoids recontac t  problems 
and allows v i s u a l  monitoring during t h e  S-IVB l i q u i d  oxygen (LOX)  dump. 
The r e s u l t s  of t h i s  ana lys i s  as given i n  re ference  1 a r e  summarized as 
follows : 

The planned r a d i a l l y  outward maneuver i s  i n i t i a t e d  40 minutes af ter  
t h e  second S-IVB cu to f f  (TB7 + 40 minutes)  wi th  t h e  CSM + X - a x i s  a l i gned  
wi th  t h e  radius  vec tor  and d i r ec t ed  toward t h e  e a r t h .  The CSM -X RCS 
t h r u s t  i s  used t o  achieve a sepa ra t ion  AV of 1 . 5  f’ps, r e s u l t i n g  i n  a 
sepa ra t ion  range from t h e  S-IVB of approximately 1 2  500 f t  at LOX dump 
i n i t i a t i o n  (TB7 + 132 minutes) .  This range cont inua l ly  inc reases  through- 
out  t h e  S-IVB LOX dump. 
during t h i s  per iod  f o r  any launch day during December 1968 or January 1969 
c r e a t e s  no in t e r f e rence  wi th  CSM v i s u a l  monitoring of  t h e  S-IVB. 
midcourse co r rec t ion  AV requi red  t o  compensate f o r  t h i s  evas ive  maneuver 
i s  wi th in  acceptable  l i m i t s ,  approximately 3 f p s  ( r e f .  2). 
of  t h e  post-TLI events  ( r e f .  1) i s  given i n  t a b l e  11. 

The pos i t i on  of  t h e  sun r e l a t i v e  t o  t h e  CSM 

The 

An o u t l i n e  

A p i c t o r i a l  d e s c r i p t i o n  of t h e  s i g n i f i c a n t  events  i s  given on 
f i g u r e  1. The r e l a t i v e  motion between t h e  CSM and t h e  S-IVB throughout 
t h e  pe r iod  from evasive maneuver i n i t i a t i o n  through LOX dump i s  presented  
i n  f i g u r e s  2 and 3.  

3.2 Nominal Entry 

This s e c t i o n  analyzes the  t a r g e t  V 

(400 000 ft) given i n  reference 3 which w i l l  be u t i l i z e d  should an abor t  
occur during t h e  T L I  and TLC phases and f o r  t h e  nominal mission. This 
ana lys i s  eva lua tes  using t h e  IMU out-the-window alignment a t t i t u d e s  a t  

- yi  co r r ido r  a t  en t ry  i n t e r f a c e  i 
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a T 

a T 

encompassing t h e  e n t i r e  e n t r y  co r r ido r .  

o f  17 minutes t o  e s t a b l i s h  t h e  CM/SM sepa ra t ion  a t t i t u d e s  at 

of 1 5  minutes. 
f f  

f f  
It p resen t s  a CM/SM e n t r y  s e p a r a t i o n  a n a l y s i s  

A t  a T of 17 minutes ,  t h e  crew w i l l  be  i n  a heads-down p o s i t i o n  

and at t h e  a t t i t u d e  p red ic t ed  for t h e  planned out-the-window IMU alignment 
check-out. Af te r  t h i s  sequence i s  performed, t h i s  alignment p i t c h  a t t i t u d e  
w i l l  be  maintained i n e r t i a l l y  u n t i l  a T of 15  minutes occurs .  During 

t h i s  2 minutes of T 

maneuver t o  be i n  t h e  appropr ia te  SM j e t t i s o n  a t t i t u d e  a t  T = 1 5  minutes.  

f f  

f f  
t h e  SC w i l l  perform t h e  4 5 O  out-of-plane yaw f f  

f f  

The ana lys i s  presented  h e r e i n  supersedes r e fe rence  4 which g ives  
minimum sepa ra t ion  d i s t ances  between t h e  CM and SM f o r  nominal, T L I ,  and 
TLC abor t  r e e n t r i e s .  The d a t a  presented  i n  t h e  r e fe rence  w a s  reeva lua ted  
and found t o  conta in  erroneous information and should be  d is regarded .  

Reference 3 p re sen t s  t h e  Apollo 8 r een t ry  V and y i  t a r g e t  l i n e ,  

undershoot boundary l i n e ,  and t h e  overshoot boundary l i n e .  Based on t h e  
r e e n t r y  condi t ions f o r  t h e s e  l i n e s ,  t h e  t r a j e c t o r y  s ta te  vec tors  at T 

of 17 minutes and 1 5  minutes and t h e  a s soc ia t ed  p i t c h  a t t i t u d e s  (6) from 
t h e  l o c a l  h o r i z o n t a l  (de f ined  i n  f i g .  4 )  were computed. 
p i t c h  a t t i t u d e  between t h e  two times of  f r e e  f a l l  f o r  a l l  t h r e e  e n t r y  
l i n e s  i s  i n s i g n i f i c a n t  (3" maximum) i n  r e l a t i o n  t o  t h e  s e p a r a t i o n  d i s t ance  
dur ing  e n t r y  between t h e  CM and SM. Figure 5 p r e s e n t s  t h e  minimum 
relative sepa ra t ion  d i s t ance  versus  s e p a r a t i o n  p i t c h  angle  f o r  t h e  nominal 
e n t r y  case (V 
f igu re  , t h e  l a r g e s t  change i n  minimum s e p a r a t i o n  d i s t a n c e  i s  approximately 
100 ft f o r  t h e  e n t i r e  spread  o f  poss ib l e  p i t c h  angles .  

i 

f f  

The change i n  

= 36 071 f-ps and yi = -6 .26") .  A s  can b e  seen  from t h i s  i 

Relative v e r t i c a l  s epa ra t ion  d i s t ance  and r e l a t i v e  down-range 
sepa ra t ion  d is tance  computation were p l o t t e d  f o r  t h e  nominal e n t r y  case.  
Figure 6 presen t s  t h e  pa th  of t h e  SM relat ive t o  t h e  CM f o r  bank angles  
of  Oo, 55' S ,  90' S ,  180°, and 55' N .  
displacement versus r a d i a l  displacements f o r  t h e s e  bank angle  t r a j e c t o r i e s .  
I n  a l l  cases  where t h e  CM bank angle  w a s  south  of  t h e  o r b i t  p l a n e ,  t h e  
c ross  range w a s  s u f f i c i e n t  t o  in su re  no p o s s i b i l i t i e s  of  r econ tac t .  In  
t h e  case where the  CM banked nor th  of  t h e  o r b i t  p l ane ,  f i g u r e  7 i n d i c a t e s  
t h e  relative sepa ra t ion  i s  much less ;  however, no r econ tac t  problems are 
encountered. 

Figure 7 g ives  t h e  cross-range 

Table X I  provides t h e  down-range , cross-range , and v e r t i c a l  
d i s t ances  as a funct ion o f  t h e  e n t r y  v e l o c i t y  ( r e f .  3 )  f o r  t h e  t a r g e t ,  
undershoot boundary , and overshoot boundary l i n e s .  This  table p resen t s  
t h e  sepa ra t ion  d is tance  parameters f o r  CM a l t i t u d e s  of  400 000 f t ,  
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200 000 f t ,  and 100 000 f't, and i s  app l i cab le  t o  nominal, T L I  a b o r t ,  
and TLC abor t  cases .  
p lane  nor th  of  t h e  ground t r a c k  wi th  a conserva t ive  low sepa ra t ion  AV 
of 3 fps  and follows a b a l l i s t i c  t r a j ec to - ry .  The SM weight used w a s  
21  500  l b .  CM bank angles of Oo, 55O S ,  and 55" N w e r e  used f o r  t h e  
t a r g e t  l i n e  e n t r i e s  while  a CMbank angle  of Oo w a s  used f o r  t h e  over- 
shoot and undershoot en t ry  l i n e  cases .  

I n  a l l  instances  t h e  SM i s  j e t t i s o n e d  45' out-of- 

No r econ tac t s  were noted for t h e  t a r g e t ,  undershoot boundary, and 
A t  entry i n t e r f a c e  (400 000 ft) t h e  sepa ra t ion  boundary l i n e  e n t r i e s .  

range f o r  a l l  cases  w a s  between 2400 f't and 2800 ft. 
encountered i n  t h e  atmosphere were at  an a l t i t u d e  of 200 000 ft f o r  
t h e  undershoot boundary e n t r i e s .  The sma l l e s t  s epa ra t ion  range at 
200 000 f't w a s  1 .9  n.  m i .  a ssoc ia ted  wi th  t h e  undershoot boundary l i n e  
e n t r y  v e l o c i t y  of 27 500 f'ps. 
t o  an a l t i t u d e  of 100 000 f't, sepa ra t ion  ranges were computed at t h i s  
a l t i t u d e  f o r  information purposes. 

The worst cases  

Although t h e  SM should break  up p r i o r  

I n  conclusion,  t h e  change i n  p i t c h  a t t i t u d e  from l o c a l  h o r i z o n t a l  
between T of 17  minutes and 15  minutes does not s i g n i f i c a n t l y  a f f e c t  

t h e  r e l a t i v e  sepa ra t ion  distance between t h e  CM and SM during a nominal, 
T L I  a b o r t ,  or TLC abor t  en t ry .  Using t h e  e n t r y  procedures f o r  banking 
t h e  CM south for t h e  nominal en t ry  (Vi = 36 071 f-ps , yi = 6.26") w i l l  

produce s u f f i c i e n t  cross-range d i s t ance  t o  e l imina te  any p o s s i b i l i t y  of  
r econ tac t .  Banking t h e  CM north of t h e  o r b i t  plane during en t ry  
decreases  t h e  cross-range separa t ion  d i s t ance  t o  l e s s  than  500 f t  b u t  t h e  
down-range sepa ra t ion  dis tance i s  i n  excess of 2000 ft. N o  r econ tac t s  
a r e  encountered f o r  t h e  t a r g e t  , undershoot boundary , and overshoot 
boundary l i n e  e n t r i e s .  

f f  
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4.0 SEPARATION AND RECONTACT ANALYSIS OF ABORT SITUATIONS 

The analyses  of t h e s e  abor t  regions a r e  considered i n  two s e p a r a t e  
phases:  
( 2 )  t h e  CM/SM separa t ion  phase. 

(1) t h e  phase from abor t  i n i t i a t i o n  t o  CM/SM s e p a r a t i o n ,  and 

4 . 1  Analysis of t h e  Phase f r o m  Abort 
I n i t i a t i o n  t o  CM/SM Separa t ion  

a This  s e c t i o n  analyzes launch phase a b o r t s ,  EPO, T L I ,  and TLC a b o r t s .  

4.1.1 Launch phase abor t s  .- Beginning wi th  Apollo 8 , a l l  CSM/LV 
s e p a r a t i o n  sequences employ SLA pane l  j e t t i s o n .  The panels  are deployed 
by a t h r u s t e r  mechanism provid ing  an i n i t i a l  r o t a t i o n a l  ra te .  A f t e r  
r o t a t i n g  45' from t h e  S-IVB + X - a x i s ,  t h e  pane ls  disengage from t h e i r  
h inges ,  and spr ing  t h r u s t e r s  (two p e r  pane l )  provide an i n i t i a l  s e p a r a t i o n  
AV. This s p r i n g  t h r u s t e r  AV combined wi th  t h e  pane l  r o t a t i o n  produces 
resul tant  v e l o c i t i e s  of 10.7 ? 1.0  f p s  at 100' ? 5' from t h e  +X-axis of 
t h e  S-IVB. 

The ana lys i s  c o n s i s t s  of a parameter ic  s tudy  of t h e  motion between 
t h e  CSM and t h e  LV and j e t t i s o n e d  SLA panels  w i th  LV tumble rates as t h e  
variable. For t h i s  s tudy ,  t h e  abor t  i s  assumed t o  be  p r e c i p i t a t e d  by 
a 5-2 hardover f a i l u r e ,  which r ep resen t s  worst-case condi t ions .  The 
r e s u l t a n t  angular  a c c e l e r a t i o n  i s  t h e  g r e a t e s t  when t h e  moments and 
products  of  i n e r t i a  are t h e  l e a s t ,  and f o r  Apollo 8 t h i s  occurs  near  
i n s e r t i o n .  Therefore ,  m a s s  p r o p e r t i e s  f o r  a l i g h t  S-IVB r a t h e r  t han  a 
h e a v i e r  one are used. i n  a l l  cases ,  t hus  y i e l d i n g  a wider  range of t h e  
v a r i a b l e s  t o  b e  considered. These m a s s  p r o p e r t i e s  f o r  t h e  CSM and 
S-IVB are given i n  t a b l e  111. 

Recontact between t h e  CSM and LV or SLA panels  i s  def ined  t o  occur  
i f  t h e  CSM in te rcep t s  any one o f  f i v e  spheres  wi th  r a d i i  o f  100 ft and 
o r i g i n s  a t  t h e  centers  of  g r a v i t y  of t h e  S-IVB and t h e  f o u r  SLA panels .  

Two subsystems conta in ing  several o p e r a t i o n a l  c o n t r o l  modes are 
available for damping t h e  r e s u l t a n t  tumble rates during launch phase 
a b o r t s .  The t h r u s t  v e c t o r  c o n t r o l  subsystem (TVC) u t i l i z e s  t h e  SPS 

engine when tumble r a t e s  are excess ive ,b  while  t h e  r e a c t i o n  c o n t r o l  
subsystem (RCS) can be used t o  damp out l o w  tumble r a t e s .  
which a r e  under the c o n t r o l  of t h e  s t a b i l i z a t i o n  and c o n t r o l  subsystem 
(SCS) have bas i c  de f i c i enc ie s .  
i s  t h a t  it requi res  a longer  damping t i m e  t han  t h e  TVC/SCS. This  may 
c r e a t e  poss ib l e  gimbal lock  condi t ions  when moderate o r  h igh  yaw tumble 

Both systems, 

The inherent  disadvantage of t h e  RCS/SCS 

a bAn abor t  can r e s u l t  i n  C O I  or an a l t e r n a t e  miss ion .  
There i s  no well-defined area of  usage. 



9 

rates are encountered. A longer  rate damping t ime a l s o  in t roduces  t h e  
p o s s i b i l i t y  of  performing CM/SM sepa ra t ion  be fo re  rates are completely 
damped, e s p e c i a l l y  i n  t i m e - c r i t i c a l  abor t  regions ( e a r l y  mode 11). The 
inhe ren t  disadvantage i n  us ing  the TVC/SCS i s  t h e  l ack  of  guidance c o n t r o l  
of t h e  CSM during t h e  t i m e  of SPS ra te  damping. This  i n a b i l i t y  t o  c o n t r o l  
t h e  d i r e c t i o n  o f  t ravel  could r e s u l t  i n  r a p i d  c losure  between t h e  CSM and 
t h e  S-IVB or SLA panels .  
systems used f o r  rate damping i s  a v a i l a b l e  i n  re ference  18. 

A more complete d i scuss ion  of t h e  c o n t r o l  

Seve ra l  c r i t i c a l  s i t u a t i o n s  ar ise  from tumbling abor t s  i n i t i a t e d  
dur ing  t h e  launch phase ( a b o r t  modes I11 and I V )  , i n  which t h e  CSM can 
r econ tac t  t h e  launch veh i l ce  ( e i t h e r  t h e  S-I1 + S-IVB or t h e  S-IVB) or 
r econ tac t  t h e  j e t t i s o n e d  SLA panels .  I n  t h e  regions where d e f i n i t e  
r econ tac t  p o s s i b i l i t i e s  e x i s t ,  crew r e a c t i o n  t i m e  i n  performing abor t  
procedures  determines whether or not  t h e  r econ tac t  can be aver ted .  
For t h e  purposes o f  t h i s  s tudy ,  t he  f i r s t  crew r e a c t i o n  t i m e  ( C R T 1 )  i s  
de f ined  as t i m e  from emergency de tec t ion  system (EDS)  a c t i v a t i o n  
( v e h i c l e  tumble rates reach 10  deg/sec) t o  t i m e  o f  crew abor t  command 
i n i t i a t i o n .  The second crew reac t ion  t i m e  (CRT2) i s  t ime from SCS 
enablement (approximately 0.8 seconds a f t e r  CSM/LV s e p a r a t i o n )  t o  t i m e  
of  crew rate damping i n i t i a t i o n .  

The launch phase abor t  recontac t  a n a l y s i s  i s  contained i n  re ference  5 .  
These abor t  modes are def ined  i n  re fe rence  6. 

4 .1 .1 .1  Mode 11: The mode I1 abor t  reg ion  covers a po r t ion  o f t h e  
S-I1 burn and t h e  e a r l y  p a r t  o f  t h e  S-IVB burn.  
f o r  mode I1 with  t h e  r e spec t ive  t i m e s  i s  given i n  t a b l e  I V .  

The sequence of  events  

The boost  p o r t i o n  of mode I1 i s  analyzed by i n v e s t i g a t i n g  t h e  
e f f e c t i v e n e s s  of t h e  TVC/SCS and RCS/SCS t o  perform r a t e  damping without  
causing r econ tac t .  Since t h e  LV conf igura t ion  throughout mode I1 ( e i t h e r  
S-I1 + S-IVB or S-IVB) i s  heavier  t han  t h e  one considered i n  t h e  s imula t ion ,  
t h e  body rate bui ldup  i s  decreased f o r  a s p e c i f i e d  value of  C R T l  and t h e  
r e c o n t a c t  l i n e  presented  i n  f igu re  8 i s  n e c e s s a r i l y  conserva t ive  when 
app l i ed  t o  mode I1 abor t s .  Although t h e  r e s u l t s  of  t h e  s tudy  i n d i c a t e  
r e c o n t a c t  between t h e  CSM and the  LV when TVC/SCS rate damping i s  used,  
va lues  of CRT2 > 23  seconds are necessary t o  p r e c i p i t a t e  t h i s  r econ tac t  
s i n c e  t y p i c a l  values o f  C R T l  are  1 second or less ( f i g .  8). 
o f  t h e  mode I1 abor t  sequence ind ica t e s  t h a t  a CRT2 > 23 seconds i s  
extremely remote. 

Considerat ion 

No recon tac t  problem occurs when RCS/SCS rate damping is  used,  b u t  
t h e  problems of gimbal lock  and tumbling a t  CM/SM sepa ra t ion  could result. 
These problems are less  c r i t i c a l  f o r  a tumbling abor t  s e p a r a t i o n  from 
t h e  S-I1 + S-IVB t han  f o r  a S-IVB s e p a r a t i o n ,  s i n c e  r a t e s  w i l l  be  lower 
f o r  t h e  heav ie r  conf igura t ion .  
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Reference 7 i n v e s t i g a t e s  t h e  motion of t h e  SLA panels  r e l a t i v e  t o  
t h e  S-I1 + S-IVB. This  re ferenced  s tudy de f ines  r econ tac t  p o s s i b i l i t i e s  
between t h e  LV and t h e  SLA p a n e l s ,  and s ta tes  t h a t  a p o s s i b l e  r e s u l t  i s  
a LV explos ion  which could damage t h e  SPS engine b e l l ,  b u t  not  t h e  
s p a c e c r a f t  body. These r econ tac t  regions e x i s t  dur ing  t h e  f i r s t  
70 seconds a f te r  LET j e t t i s o n  and during t h e  l as t  20 seconds o f  S-I1 
f l i g h t .  

4.1.1.2 Mode 111: The mode I11 abor t  procedures  are requ i r ed  
f o r  cont ingencies  beyond mode I1 (Rlp > 3200 n.  m i . )  when a s a f e  o r b i t  
cannot be achieved or when SC systems malfunct ions d i c t a t e  immediate landings .  
The f irst  mode I11 requirement i s  un l ike ly  because of t h e  l a r g e  C O I  reg ion  
and t h e  S-IVB cutof f  condi t ions  would have t o  be g r e a t l y  d i spe r sed  from t h e  
nominal launch t r a j e c t o r y .  The second i s  un l ike ly  because i f  such a 
malfunct ion had Occurred dur ing  launch,  t h e  abor t  would more probably 
be  i n i t i a t e d  before  e n t e r i n g  mode 111, and f a i l u r e s  occurr ing  a f te r  
e n t e r i n g  mode I1 would be  almost impossible  t o  confirm i n  s u f f i c i e n t  
t i m e  t o  recommend a mode I11 abor t .  These type  failures a r e  undefined 
at p re sen t  (ref.  8 ) .  However, should a condi t ion  arise which r e q u i r e s  
a mode I11 abor t  , sepa ra t ion  and r econ tac t  a n a l y s i s  has  been p e r f o m e d  
u t i l i z i n g  t h e  mode I11 abor t  sequence given i n  t a b l e  V. 

Since mode I11 has an SPS r e t rog rade  burn 2 minutes 5 seconds a f t e r  
s e p a r a t i o n ,  two regions of r econ tac t  e x i s t  : (1) immediate r econ tac t  
occur r ing  a t  any t ime p r i o r  t o  t h e  re t rograde  burn ,  and (2) eventua l  
r econ tac t  occurr ing a t  any t i m e  a f t e r  SPS re t rog rade  burn  i n i t i a t i o n .  

A l l  conclusions drawn from t h e  ana lys i s  and p e r t a i n i n g  t o  s e p a r a t i o n  
and r econ tac t  fo r  a mode I1 tumbling abor t  (Sec t ion  4.1.1.1) a r e  a l s o  
app l i cab le  t o  the  immediate r econ tac t  reg ion  o f  mode 111. The weight 
conf igura t ion  used i n  t h e  a n a l y s i s  again causes t h e  r e s u l t s  t o  be  
conserva t ive  when appl ied  t o  t h i s  mode I11 reg ion .  

Eventual recontact  ( fo l lowing  r e t rog rade  burn  i n i t i a t i o n )  wi th  t h e  
j e t t i s o n e d  SLA panels  can occur  for RCS/SCS rate damping i n  mode 111. 
The r econ tac t  region i s  presented  i n  f i g u r e  9 f o r  v a r i a b l e  C R T l  and 
S-IVB hardover  r a t e s .  It m u s t  be noted t h a t  t h e s e  data r ep resen t  t h e  
condi t ions  nea r  i n s e r t i o n  and are considered t h e  worst  case  f o r  t h e  
launch phase.  E a r l i e r  abor t s  would cause crew r e a c t i o n  t imes t o  become 
less c r i t i c a l .  

Using t h e  TVC/SCS t o  damp r a t e s  could a l s o  cause a r econ tac t  
p o s s i b i l i t y  i f  the  CSM i s  ahead of t h e  LV af ter  body rates a r e  damped, 
and t h e  SPS re t rograde  ( d e o r b i t )  burn i s  i n i t i a t e d .  Caution should  
be exe rc i sed  p r i o r  t o  SPS i g n i t i o n  by v i s u a l l y  e s t a b l i s h i n g  t h e  re la t ive 
p o s i t i o n  of t h e  S-IVB t o  t h e  SC, i f  poss ib l e .  
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4.1.1.3 Mode I V :  The mode I V  abor t  procedure incorpora tes  a 
posigrade SPS burn t o  e s t a b l i s h  a s a f e  o r b i t  condi t ion  def ined as a 
pe r igee  a l t i t u d e  > 75 n .  m i .  The mode I V  abor t  reg ion  over laps  t h e  
mode I1 and 111 abor t  boundaries ,  and w i l l  be  u t i l i z e d  as t h e  prime 
ope ra t ing  mode whenever t h e  c a p a b i l i t y  e x i s t s  t o  achieve a contingency 
o r b i t  i n s e r t i o n  ( C O I )  . The abort  sequence of  events  f o r  mode I V  i s  
given i n  t a b l e  V I .  

The results of t h e  r a t e  damping a n a l y s i s  f o r  hardover  failures as 
summarized i n  s e c t i o n  4 .1 .1 .1  a r e  also app l i cab le  t o  t h e  mode I V  a b o r t  
reg ion  f o r  both TVC/SCS and RCS/SCS rate damping c o n t r o l  modes p r i o r  
t o  C O I  maneuver i n i t i a t i o n .  

Eventual  r econ tac t  i s  a p o s s i b i l i t y  i f  t h e  CSM i s  behind t h e  S-IVB 
af te r  t h e  body rates have been damped, and t h e  SPS posigrade AV burn 
( C O I )  i s  i n i t i a t e d .  I n  t h e  event a hardover  f a i l u r e  occurs and a f t e r  
damping has been completed caut ion should be  exerc ised  p r i o r  t o  SPS 
i g n i t i o n  t o  a t tempt  t o  v i s u a l l y  e s t a b l i s h  t h e  re la t ive p o s i t i o n  of t h e  
S-IVB t o  t h e  SC. 

4.1.1.4 Conclusion: I n  t h e  event  of LV hardover rates,  crew 
performance ( C R T 1  and CRT2) p r i o r  t o  and a f t e r  s epa ra t ion  determines 
i f  r econ tac t  between t h e  SC and t h e  LV or SLA panels  i s  a problem. 
Recontact cannot b e  a l l i e v a t e d  f o r  all condi t ions  t h a t  could p r e v a i l  
i n  modes 11, I11 and I V  by using t h e  RCS or SPS t o  perform r a t e  damping. 
However, based on t h e  ana lys i s  performed h e r e i n  and cons ider ing  t h e  
hardover  rate condi t ions  t h a t  could p r e v a i l  during t h e  launch phase 
t h e  TVC/SCS appears t o  be  a b e t t e r  mode of  opera t ion  i f  crew r e a c t i o n  
t i m e s  are comparable t o  t h e  sequences of  events  as descr ibed  h e r e i n  
f o r  modes 11, 111, and I V .  It  should be  s t r e s s e d  t h a t  t h e  primary 
disadvantage of us ing  RCS/SCS i s  t h e  p o s s i b i l i t y  of  gimbal lock  f o r  yaw 
tumble ra tes ,  and t h e  p o s s i b i l i t y  of a tumbling CM/SM sepa ra t ion  for 
high  LV sepa ra t ion  rates.  It m u s t  be noted t h e  a n a l y s i s  presented  
h e r e i n  presents  t r ends  of p o t e n t i a l  r econ tac t  problems, and extreme 
ca re  should be  exe rc i sed  when t h e s e  modes of  opera t ion  p r e v a i l .  

4.1.2 Launch and o r b i t a l  phase a b o r t s ,  non-tumbling.- Analyses 
have been conducted t o  determine i f  r econ tac t  problems e x i s t  between t h e  
SC, LV, and t h e  SLA panels  during s t a b l e ,  non-tumbling launch-phase and 
o r b i t a l  abo r t s .  The r e s u l t s  i n d i c a t e  t h a t  r econ tac t  i s  poss ib l e  dur ing  
t h e  e a r l y  mode I11 abor t  region between t h e  SC and t h e  SLA pane l s ,  and 
between t h e  SC and S-IVB f o r  t h e  o r b i t a l  abo r t  reg ion  where CSM/S-IVB 
sepa ra t ion  occurs i n  a posigrade a t t i t u d e  wi th  10 in s t chd  of t h e  re- 
commended 21  seconds of i n i t i z l  +X t r a n s l a t i o n .  
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k .1 .2 .1  CSM/SLA pancle :  Reference 9 p re sen t s  t h e  a n a l y s i s  o f  SLA 
pane l  < j e t t i s o n  with r e spec t  t o  t h e  CSM f o r  a range of  non-tumbling launch 
phase m d  o r b i t a l  abo r t s .  This  a n a l y s i s  i n d i c a t e s  an adequate  s e p a r a t i o n  
occurs  f o r  a l l  launch phase and o r b i t a l  abo r t s  except  i n  t h e  e a r l y  phase 
of t h e  mode I11 abor t  reg ion .  I n  t h i s  r eg ion ,  t h e  in-plane r e t rog rade  
SPS maneuver performed a t  2 minutes 5 seconds after abor t  i n i t i a t i o n  
could result i n  t h e  SC f l y i n g  near  or between t h e  j e t t i s o n e d  panels .  
There ex is t  abor t  condi t ions  i n  t h i s  reg ion  where r econ tac t  could occur.  

4.1.2.2 CSM/S-IVB: Reference 10 presen t s  t h e  a n a l y s i s  t o  i d e n t i f y  
e x i s t i n g  CSM/S-IVB recon tac t  problem areas i n  t h e  mode 11, 111, and I V  
abor t  regions.  Abort sequences prev ious ly  def ined  f o r  each mode w e r e  
s imula ted  and no recontac t  areas were i d e n t i f i e d .  

CSM/S-IVB sepa ra t ion  f o r  abor t s  i n i t i a t e d  whi le  i n  EPO were i n v e s t i -  
ga ted  by re ference  11 employing an i n i t i a l  s epa ra t ion  burn by t h e  RCS 
+X t h r u s t e r s  of  10 seconds.  This  sequence produced r econ tac t  between 
t h e  CSM and S-IVB f o r  s e v e r a l  abor t  s i t u a t i o n s .  Recontact i s  e l imina ted  
for a l l  o r b i t a l  abor t s  from a s table  S-IVB i f  t h e  i n i t i a l  +X t r a n s l a t i o n  
s e p a r a t i o n  i s  increased  from 10 t o  2 1  seconds and t h e  S-IVB/APS u l l a g e  
i s  i n h i b i t e d .  This sequence i s  recommended t o  be used where manual 
takeover  o f  S-IVB t o  r e o r i e n t  t o  r e t rog rade  a t t i t u d e  i s  not  f e a s i b l e .  
This  sequence i s  given i n  t a b l e  V I I .  

4.1.3 Separat ion procedures f o r  abor t s  i n i t i a t e d  dur ing  t h e  second 
S-IVB burn ( T L I )  and t h e  90 minute TLC abor t . -  Should a c r i t i c a l  subsystem 
failure occur during TLI  and n e c e s s i t a t e  t h e  shutdown of t h e  S-IVB and 
t h e  immediate r e t u r n  of t h e  crew t o  e a r t h ,  t h e  f ixed  a t t i t u d e  abor t  
would b e  performed 10 minutes a f t e r  S-IVB shutdown and t a r g e t e d  t o  t h e  
contingency e n t r y  t a r g e t  l i n e .  The T L I  abor t  hor izon  r e fe rence  a t t i t u d e  
is  presented  i n  f igu re  10. 

If p o s s i b l e ,  however, t h e  S-IVB w i l l  be  allowed t o  burn t o  guidance 
c u t o f f ,  and i f  it i s  determined t h a t  an abor t  maneuver i s  s t i l l  r equ i r ed ,  
t h e  ground and crew w i l l  begin p repa ra t ions  l ead ing  t o  an abor t  maneuver 
performed approximately 90 minutes a f te r  T L I  c u t o f f .  The 90 minute abor t  
hor izon  re ference  a t t i t u d e  i s  presented  i n  f i g u r e  11. 

J 

The ana lys i s  of t h i s  s e c t i o n  cons iders  t h e  r e l a t i v e  motion o f  t h e  
For i d e n t i f i c a t i o n  and s i m p l i f i c a t i o n  t h e  

The p i tched  up (+Z)  and down ( - Z )  pane l s  are numbered 1 and 2 ,  

f o u r  j e t t i s o n e d  SLA panels .  
f o u r  SLA panels  a re  r e f e r r e d  t o  as panel  1, 2 ,  3 or 4 throughout t h i s  
r e p o r t .  
r e s p e c t i v e l y  [ f i g .  1 2 ( a ) ] .  The yawed r i g h t  (+Y) and yawed l e f t  (-Y) 
panels  are membered 3 and 4, r e s p e c t i v e l y  [ f i g .  1 2 ( b ) ] .  
of all four  panels  is  presented  i n  f i g u r e  1 2 ( c ) .  

A f r o n t  view 
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4.1.3.1 T L I  a b o r t s :  I n  the  event a T L I  abor t  i s  r equ i r ed ,  t h e  
recommended sequence of  events  ( t a b l e  V I I I )  i s  t o  perform a CSM r a d i a l l y  
outward evasive maneuver ( A V  = 1.5  f p s )  60 seconds a f t e r  CSM/S-IVB 
sepa ra t ion .  
between t h e  s p a c e c r a f t ,  t h e  S-IVB and t h e  four  SLA panels  p r i o r  t o  and 
af'ter abor t  burn i n i t i a t i o n .  

This maneuver w i l l  insure  adequate sepa ra t ion  displacement 

Rela t ive  motion f o r  T L I  abor t s  i s  presented  i n  f igu res  13 through 16. 
An ana lys i s  w a s  performed f o r  executing t h e  evasive maneuver r a d i a l l y  
inward and outward f o r  a mid T L I  abor t  (second S-IVB i g n i t i o n  + 142 seconds) 
and l a t e  T L I  abor t  (second S-IVB c u t o f f ) .  Resul ts  i n d i c a t e  t h a t  minimum 
sepa ra t ion  c learances  of 800 [ f i g .  1 3 ( a ) ]  and 900 ft [ f i g .  i4 (a) l  occur 
between t h e  spacecraf t  and t h e  S-IVB f o r  t h e  r a d i a l l y  inward c a s e s ,  whereas 
f o r  t h e  r a d i a l l y  outward maneuver, adequate sepa ra t ion  range i s  generated.  
Minimum displacements a r e  1900 f t  [ f i g .  l 5 ( a > ]  f o r  t h e  mid-TLI abor t  and 
1300 f t  [ f i g .  1 6 ( a ) ]  f o r  t h e  late-TLI a b o r t .  

Therefore , t h e  r a d i a l l y  outward evasive maneuver sequence df ' t a b l e  VI11 
i s  recommended f o r  TLI  abor t s .  

4.1.3.2 TLC 90 minute abor t s :  I n  t h e  event a TLC 90 minute abor t  
i s  requi red ,  t h e  recommended sequence of events  ( t a b l e  1x1 i s  t o  perform 
a CSM r a d i a l l y  outward evasive maneuver 60 seconds a f t e r  CSM/S-IVB 
sepa ra t ion .  This maneuver w i l l  insure  adequate sepa ra t ion  displacement 
between t h e  spacec ra f t ,  t h e  S-IVB and t h e  four  SLA panels  p r i o r  t o  
and a r t e r  abor t  burn i n i t i a t i o n .  

Rela t ive  motion f o r  t h e  90 minute TLC abor t  i s  presented  i n  
f i g u r e s  17through 20.  An ana lys i s  was performed by execut ing t h e  evasive 
maneuver e i t h e r  r a d i a l l y  inward or outward. Resul t s  i n d i c a t e  t h a t  a 
minimum sepa ra t ion  clearance of 6800 f t  [ f i g .  1 7 ( a ) ]  occurs between 
t h e  spacecraf t  and panel  1 for the r a d i a l l y  inward maneuver. 
SLA panel  r e l a t i v e  motion presented i n  t h i s  ana lys i s  i s  based on a 
j e t t i s o n  A v  of 8 f'ps at an a t t i t u d e  ( 0 )  of 100' from t h e  s-IVB + X - a x i s .  
T o  determine t h e  e f f e c t  on t h e  minimum displacement i n d i c a t e  above , 
d i spe r s ions  i n  AV from 8 t o  1 2  f'ps and j e t t i s o n  a t t i t u d e s  from 95' 
t o  120' were considered. 
r a d i a l l y  inward case i n d i c a t e  t h a t  i nc reas ing  t h e  pane l  j e t t i s o n  AV 
or a t t i t u d e  w i l l  a l s o  inc rease  minimum ranges.  Therefore ,  f o r  minimum 
values  of A V  = 8 f'ps and 0 = 9 5 O ,  pane l  1 may pass  as c l o s e  as 4500 rt 
during t h e  SPS abor t  burn.  

The 

The r e s u l t s  p re sen ted  i n  f i g u r e  18 f o r  t h e  

The same d ispers ions  were a l so  considered f o r  t h e  recommended 
r a d i a l l y  outward evasive maneuver. 
f i g u r e  20 i n d i c a t e s  t h a t  increas ing  SLA panel  j e t t i s o n  AV or a t t i t u d e  
a l s o  inc reases  sepa ra t ion  ranges. 
pane l  1 m a y  pass  as c lose  as 1 3  500 f t  f o r  t h e  r a d i a l l y  outward 
evas ive  maneuver. 

The r e s u l t s  presented  i n  

Therefore ,  f o r  minimal values  
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I n  t h e  90 minute TLC abor t  sequence SC sepa ra t ion  occurs a t  t h e  
nominal t r a n s p o s i t i o n  and docking (T&D) a t t i t u d e .  
j e t t i s o n  occurs a t  s e p a r a t i o n ,  and s i n c e  t h e  roll a t t i t u d e  o f  t h e  
S-IVB a t  T&D i s  180°, two of  t h e  SLA panels  (pane l s  1 and 2 )  are 
j e t t i s o n e d  i n  the o r b i t  plane and two (panels  3 and 4) are j e t t i s o n e d  
out-of-plane. When a T&D a t t i t u d e  of  120' t o  130' from t h e  l o c a l  
h o r i z o n t a l  and a SLA pane l  j e t t i s o n  a t t i t u d e  of  95' f 5' i s  considered,  

Since SLA p a n e l  

pane l  two w i l l  be a l igned  approximately wi th  and j e t t i s o n e d  i n  t h e  
d i r e c t i o n  of  t h e  V i ,  whereas pane l  1 w i l l  be  j e t t i s o n e d  along V 

a r e t rog rade  d i r ec t ion .  

i n  i 

Since any TLC SPS abor t  AV i s  necessa r i ly  d i r e c t e d  oppos i te  t o  Vi,  

t h e  problem o f  recontac t  wi th  one of t h e  SLA pane l s  e x i s t s .  
w a y  of avoiding t h i s  problem would be t o  roll t h e  S-IVB 45' p r i o r  t o  
CSM/S-IVB separa t ion .  
w i th  s u f f i c i e n t  out-of-plane displacement t o  e l imina te  any r econ tac t  
problems f o r  TLC a b o r t s .  This would a l s o  l e s s e n  cons iderably  t h e  
p o s s i b i l i t y  of panel  r econ tac t  wi th  t h e  SC due t o  mid-course c o r r e c t i o n  
maneuvers. 

A d e s i r a b l e  

This would resul t  i n  a l l  pane ls  be ing  j e t t i s o n e d  

4.1.4 TLC abor t s  i n i t i a t e d  during s t a t i o n  keeping.- I n  t h e  Apollo 8 
nominal mission a s imulated T&D and s t a t i o n  keeping w i l l  be  performed 
from SC separa t ion  (TB7 + 25 minutes)  u n t i l  evas ive  maneuver i n i t i a t i o n  
(TB7 + 40 minutes) .  Should a c r i t i c a l  subsystem f a i l u r e  occur  during 
t h i s  t i m e  per iod  r e q u i r i n g  an immediate abor t  , t h e  r a d i a l l y  inward evas ive  
maneuver sequence o f  t a b l e  X ( A V  = 1 . 5  f-ps) i s  recommend p r i o r  t o  SPS 
i g n i  t i on. 

The r a d i a l l y  inward maneuver w i l l  p lace  t h e  CSM i n  a favorable  
p o s i t i o n  f o r  performing deorb i t  as ind ica t ed  by f i g u r e  21. The d a t a  
p re sen ted  show the r e l a t i v e  motions of t h e  S-IVB and SLA panels  1 and 2 
f o r  a r a d i a l l y  inward evasive maneuver i n i t i a t e d  anytime dur ing  s t a t i o n  
keeping (TB7 + 25 t o  40 minutes) .  
out  o f  plane and do not  p re sen t  a problem. 
abor t  burn AV vector  i s  noted a t  6 O  from t h e  r a d i u s  vec to r .  For abor t  
burns i n i t i a t e d  la ter  than  TB7 + 90 minutes ,  t h i s  alignment decreases  t o  
approximately 2' a t  TB7 + 4 hours ( f i g .  2 2 ) .  

Panels 3 and 4 (no t  shown) are j e t t i s o n e d  
The d i r e c t i o n  of  t h e  SPS 

Re la t ive  motion ( f i g .  21) i n d i c a t e s  t h a t  p a n e l  1 w i l l  beg in  pass ing  
below and between t h e  spacec ra f t  and t h e  e a r t h  after approximately 
TB7 + 90 minutes,  t h e r e f o r e  , it would be d e s i r a b l e  t o  i n i t i a t e  t h e  SPS 
abor t  burn p r i o r  t o  t h i s  t i m e .  

Performing a r a d i a l l y  outward evas ive  maneuver f o r  a b o r t s  i n i t i a t e d  
dur ing  s t a t i o n  keeping i s  undes i rab le  as t h e  S-IVB i s  p o s i t i o n e d  between 
t h e  s p a c e c r a f t  and t h e  e a r t h .  
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4 .1 .5  Post  s t a t i o n  keeping TLC a b o r t s . -  Following s t a t i o n  
keeping,  t h e  CSM w i l l  i n i t a t e  a r a d i a l l y  outward evas ive  maneuver 
(TB7 + 40 minutes) as discussed i n  s e c t i o n  3.1. A t  TB7 + 120 minutes 
t h e  S-IVB w i l l  begin propxls ive vent ing  (LH2) and a t  TB7 + 132 minutes 

w i l l  i n i t i a t e  a 5 minute l i q u i d  oxygen dump. Should a contingency 
s i t u a t i o n  arise during t h i s  per iod  of  t i m e  (TB7 + 40 t o  137 minutes)  

r e q u i r i n g  an immediate abor t  , poss ib l e  r econ tac t  problems e x i s t s .  A s  
i n d i c a t e d  by f igu res  3 and 23 r e spec t ive ly ,  t h e  S-IVB and pane l  1 can be 
pos i t i oned  below t h e  CSM. 
generated dur ing  an SPS abor t  burn are presented  i n  f i g u r e  24. 

an SPS abor t  burn  not  be  i n i t i a t e d  during t h e  f i r s t  40 minutes fol lowing 
t h e  evasive maneuver (TB7 + 40 t o  90 minutes)  and during t h e  S-IVB 
vent ing  and LOX dump periods (TB7 + 120 t o  137 minu tes ) .  

The S-IVB and p a n e l  1 minimum sepa ra t ion  range  

Based on t h e s e  minimum separa t ion  ranges ,  it i s  recommended t h a t  

For a b o r t s  performed l a t e r  t han  TB7 + 90 minutes ,  t h e  angle  
between t h e  t h r u s t  vec to r  and t h e  r ad ius  vec to r  o f  t h e  CSM w i l l  
decrease from 6' at 90 minutes t o  about 2O at TLI + 4 hours .  The above 
data i s  based on an SPS abor t  burn alignment of  2' ( f i g .  22) and repre-  
s e n t s  t h e  worst  case wi th  respec t  t o  s e p a r a t i o n  range. 
alignment angle  a l s o  increases  minimum s e p a r a t i o n  ranges.  

Increas ing  t h e  

4.2 Analysis  of t h e  Period from CM/SM Separa t ion  t o  Touchdown 

4 .2 .1  Discussion.-  This  s e c t i o n  p resen t s  t h e  r e s u l t s  of CM/SM 
Separa t ion  and r econ tac t  s tud ie s  during e n t r y  fol lowing launch phase 
a b o r t s ,  a b o r t s  from EPO, and TLI  and TLC a b o r t s .  

4.2.2 Launch phase.- Reference 8 d e f i n e s  t h e  gound elapsed t i m e  
r eg ion  f o r  i n i t i a t i o n  of a mode I1 abor t  and t h e  sequence of events  t o  
be followed after t h e  a b o r t .  During t h e  mode I1 abor t  , t h e r e  are two 
major f a c t o r s  which a f f e c t  t he  sepa ra t ion  d i s t a n c e  between t h e  CM and 
SM af te r  CM/SM sepa ra t ion .  
t i m e  of s epa ra t ion  and t h e  second i s  t h e  Tf f  remaining from sepa ra t ion  

t o  e n t r y  i n t e r f a c e .  

The f i r s t  i s  t h e  a t t i t u d e  of t h e  CSM at  t h e  

The range of p i t c h  a t t i t u d e s  from t h e  l o c a l  ho r i zon ta l  chosen 
( f i g .  25 and 26) f o r  t h i s  ana lys i s  were +90° t o  -5'. 
t h e  p o s s i b l e  launch v e h i c l e  a t t i t u d e s  a t  t h e  t ime of abor t  (assuming 
t h e  LV is  not  tumbl ing) .  
s epa ra t ion  d i s t a n c e  as a func t ion  of p i t c h  a t t i t u d e  f o r  a 
abor t  (Tff of 118 seconds t o  400 000-ft a l t i t u d e ) .  

s epa ra t ion  range changes by approximately 650 ft between a p i t c h  angle  
of +goo and - 5 O ,  however, t h e  sepa ra t ion  d i s t a n c e  f o r  a l l  a t t i t u d e s  i s  

This  range inc ludes  

Figure 26 p resen t s  t h e  minimum relat ive 
l a t e  mode I1 

The minimum r e l a t i v e  
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s u f f i c i e n t  t o  e l imina te  r econ tac t .  A decrease  i n  f r e e - f a l l  t i m e  would 
a l s o  decrease  t h e  sepa ra t ion  d i s t a n c e ,  bu t  it w a s  found t h a t  no r econ tac t  
occurred f o r  t h e  minimum f r e e - f a l l  t i m e  of 40 seconds t o  400 000 f t .  

ff Two analyses  were performed us ing  t h e  minimum and maximum T 

corresponding t o  t h e  beginning and end o f  t h e  mode I1 abor t  reg ion .  
The T t o  400 000 ft f o r  t h e  beginning and end o f  t h e  abor t  reg ion  

w a s  40 seconds and 118 seconds,  r e s p e c t i v e l y .  A t  s e p a r a t i o n  t h e  SM 
w a s  j e t t i s o n e d  re t rograde  wi th  a AV obta ined  by burning t h e  RCS j e t s  
t o  f'uel deple t ion .  During e n t r y ,  t h e  SM w a s  assumed t o  follow a b a l l i s t i c :  
pa th .  
a t  CM/SM separa t ion  of +4.1296' w a s  used as a worst  case  p i t c h  a t t i t u d e .  

f f  

The CM flew a full-l if ' t  t r a j e c t o r y  t o  touchdown. A p i t c h  angle  

'F igure  27 gives t h e  re la t ive e a r t h  r a d i a l  s epa ra t ion  and re la t ive 
downrange sepa ra t ion  d i s t ances  for t h e  40 second and 118 second t ime 
o f  free-fall t r a j e c t o r i e s .  There i s  no r econ tac t  f o r  e i t h e r  t ime of 
free f a l l ;  however, t h e  s e p a r a t i o n  d i s t ances  are much less f o r  t h e  T 

o f  40 seconds. Since t h e  s e p a r a t i o n  d i s t ances  between t h e  CM and SM 
decrease as t h e  t i m e  of free f a l l  decreases ,  t h e  CM/SM sepa ra t ion  should 
be performed as soon a s  p o s s i b l e  after abor t  i n i t i a t i o n  t o  inc rease  t h e  
s e p a r a t i o n  d is tances .  

f f  

The mode I11 abor t  sequence i s  def ined i n  r e fe rence  8. S ince  t h e  
minimum sepa ra t ion  d i s t ance  i s  determined by t h e  t i m e  of f r e e  f a l l  
remaining and t h e  CM/SM sepa ra t ion  p i t c h  a t t i t u d e ,  t h e  worst  case 
mode I11 abor t  was analyzed. This  case corresponds t o  t h e  beginning of  
t h e  mode I11 region wi th  a s e p a r a t i o n  a t t i t u d e  of -132' ( f i g .  28 def ines  
p i t c h  a t t i t u d e  f o r  mode I11 a b o r t s ) .  

The CSM w a s  yawed 45' out of  p lane  f o r  t h i s  a n a l y s i s  and t h e  SM 
w a s  j e t t i s o n e d  with a sepa ra t ion  AV o f  3 f p s .  A b a l l i s t i c  SM t r a j e c t o r y  
and a CM constant  bank angle t r a j e c t o r y  o f  55' south  from 0.2g were 
s imula ted  t o  determine t h e  r e l a t i v e  motion during e n t r y .  The r e l a t i v e  
down range versus r e l a t i v e  e a r t h  radial  s e p a r a t i o n  dur ing  e n t r y  f o r  t h i s  
worst  case i s  presented i n  f i g u r e  29. 

It should be noted t h a t  t h e  SM w a s  j e t t i s o n e d  45' ou t  of plane  f o r  
t h i s  r econ tac t  eva lua t ion .  This i s  not  planned f o r  mode I11 a b o r t s  and 
s t u d i e s  are i n  progress t o  de f ine  t h e  s e p a r a t i o n  d i s t ances  a s s o c i a t e d  
wi th  t h e  c o r r e c t  separa t ion  sequence. The pre l iminary  a n a l y s i s  i n d i c a t e s  
t h a t  t h e  separa t ion  d i s t ances  f o r  t h e  in-plane s e p a r a t i o n  a r e  l e s s  t han  
t h e  out  of p l ane ,  b u t  do not  p re sen t  a r econ tac t  problem. This  a n a l y s i s  
w i l l  b e  publ i shed  s h o r t l y .  
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4.2.3 Earth park ing  o r b i t  phase.- CM/SM sepa ra t ion  fol lowing 
e a r t h  parking o r b i t  abor t s  occurs wi th  t h e  CSM i n  t h e  p i t c h  a t t i t u d e  
descr ibe  i n  f igu re  4. 
w a s  made a t  a minimum time of f r e e  f a l l  o f  8 minutes.  
p i t c h  angle  f o r  t h i s  worst  case i s  +162.14O. 
out  of plane and a sepa ra t ion  AV of 3 f p s  w a s  used t o  j e t t i s o n  t h e  SM. 
T h e  r e l a t i v e  motion of  t h e  CM and SM w a s  determined by assuming t h a t  
t h e  SM f l i e s  a b a l l i s t i c  t r a j e c t o r y  and t h e  CM f l i e s  a f u l l - l i f i  t r a j e c t o r y  
t o  0 . 2 g ,  followed by a constant  bank angle  t r a j e c t o r y  t o  touchdown. 

for  bank angle t r a j e c t o r i e s  of O o ,  55' S ,  90' S ,  180°, and 5 5 O  N .  
t a c t  problems were not  encountered for any of t h e s e  CM t r a j e c t o r i e s .  

In t h i s  s tudy  it w a s  assumed t h a t  s epa ra t ion  

The CSM w a s  yawed 4 5 O  
The sepa ra t ion  a 

* Figure .30 gives t h e  r e l a t i v e  sepa ra t ion  d i s t ances  between t h e  CM and SM 
Recon- 

A s  i n  t h e  case o f  t h e  mode I11 eva lua t ion ,  t h e  SM w a s  separa ted  
4 5 O  out  of plane.  
d i s t ances  for  an in-plane separa t ion .  The r e s u l t s  of t h i s  ana lys i s  i s  
forthcoming. 

An ana lys i s  i s  i n  progress  t o  determine t h e  sepa ra t ion  

4.2.4 TLI and TLC phases.- There i s  no r econ tac t  between t h e  CM 
and SM f o r  TLI and TLC abor t  e n t r i e s .  The desc r ip t ion  of t h e  analyses  
performed for t h e s e  phases i s  considered i n  s e c t i o n  3.2. 



5.0 SPECIAL ANALYSIS 

4 Coast- 

5 .1  Impending Detec tab le  S-IVB Explosion i n  Orbi t  

A CSM maneuver which would produce an  adequate sepa ra t ion  d i s t a n c e  
(7080 f t )  between t h e  CSM and S-IVB wi th in  t h e  a l lowable  warning t i m e  
(200 seconds) i s  i n v e s t i g a t e d  by re fe rence  12 .  The recommended sequence 
w i l l  produce t h e  d i s t a n c e  w i t h i n  180 seconds a f t e r  phys i ca l  s epa ra t ion .  
Assuming t h a t  3 seconds of t h e  warning time i s  consumed dur ing  t h e  d i r e c t  
u l l a g e  p r i o r  t o  separa t ion ,  t h e  crew has 17 seconds i n  which t o  i n i t i a t e  
t h e  sequence a f t e r  t h e  warning s i g n a l  i s  d isp layed .  

The recommended sequence i s  as fo l lows:  

0 

The poss ib  

3 6 10 

Time, sec 

5.2 CM Separa t ion  from t h e  S-IVB/SM 

l i t y  of s epa ra t ing  t h e  CM from t h e  S-IVB, 

200 

3M i s  analyzed 
i n  r e fe rence  13 f o r  mode I1 a b o r t s .  Mode I1 a b o r t s  were i n v e s t i g a t e d  
due t o  t h e i r  t i m e - c r i t i c a l  n a t u r e ,  and t h e  resu l t s  w i l l  be a p p l i c a b l e  
t o  modes I11 and I V .  Resu l t s  show t h a t  t h e  CM yaw engines  produce a 
s u f f i c i e n t  separa t ion  d i s t a n c e  from t h e  S-IVB/SM t o  avoid  c lose- in  
r econ tac t ;  however, long range r econ tac t  wi th  S-IVB/SM breakup d e b r i s  
cannot be  completely r u l e d  o u t .  

5.3 E f f e c t s  of Separa t ion  I n t e r f a c e  Forces on R e l a t i v e  Motion 
o f  t h e  CM and SM Following Separa t ion  

Reference 14 presen t s  t h e  r e s u l t s  of an  a n a l y s i s  performed t o  determine 
t h e  e f f e c t s  of i n t e r f a c e  f o r c e s  on t h e  r e l a t i v e  motion of  t h e  CM and 

4 
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. 

SM fol lowing sepa ra t ion .  The l i s t  of v a r i a b l e s  considered f o r  t h i s  
s tudy  i s  as fo l lows:  

1. Vehicle  p i t c h  rate p r i o r  t o  sepa ra t ion .  

2. 
are f i r i n g .  

T ime  i n t e r v a l  after separa t ion  dur ing  which t h e  SM roll j e t s  

3. SM/RCS - X - j e t  f a i l u r e s .  

4 .  Impulse due t o  ordnance gas  p re s su re  and release of s t o r e d  
e l a s t i c  energy i n  CM/SM s t r u c t u r e .  

5 .  Impulse app l i ed  t o  CM caused by t h e  umbi l i ca l  g u i l l o t i n e .  

6 .  Impulse app l i ed  t o  SM induced from t h e  r e a c t i o n  t o  the 
umbi l ica l  g u i l l o t i n e  impulse vec to r .  

7 .  Impulse app l i ed  t o  SM caused by s t o p  of swinging umbi l ica l  
cab le .  

8. CM c o n t r o l  system type and c o n t r o l  system mode. 

9. CM c o n t r o l  system delay.  

The r e s u l t s  i n d i c a t e  t h a t  i n t e r f a c e  f o r c e s  produced at t h e  t i m e  of 

Of a l l  t h e  s e p a r a t e  e f f e c t s  t h a t  were 
CM/SM sepa ra t ion  only  se rve  t o  reduce t h e  p o s s i b i l i t y  of r econ tac t  by 
d r i v i n g  t h e  CM away from t h e  SM. 
considered,  t h e  impulse caused by t h e  ordinance gas  p re s su re  and r e l e a s e  
of s t o r e d  energy w a s  dominant. The minimum va lue  of t h e  impulse i s  
s u f f i c i e n t  t o  e l imina te  r econ tac t .  
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TABLE 11.- POST-TLI SEQUENCE OF EVENTS 

rime from 
TB7, s e c  

Event 

0 

20 

150 

900 

1500 

1505 

1555 

1558 

1594 

1610 

2340 

2400 

3600 

4500 

6540 

7200 

Second S-IVB cutof f  and a t t i t u d e  hold .  I n i t i a t e  
LH2 and LOX nonpropulsive vents  (NPV). 
LH2 continuous vent .  

I n i t i a t e  

Command and hold  l o c a l  horizon.  

LOX NPV turned  o f f .  

LH2 NPV turned  o f f .  

LH2 PV t u r n e d  o f f .  

I n i t i a t e  maneuver t o  s e p a r a t i o n  a t t i t u d e .  ( R e f .  1 5 )  

Freeze sepa ra t ion  a t t i t u d e  i n e r t i a l l y .  

Spacecraf t  ( S C )  s epa ra t ion  (1 .0  F'PS AV) and SLA 
panel  j e t t i s o n .  

Coast t o  50-ft  s e p a r a t i o n  d i s t ance .  

Null  0.5 f p s  sepa ra t ion  rate. 

P i t ch  180° (SC). 

N u l l  0.5 f'ps sepa ra t ion  ra te .  

S t a t i o n  keep; v i s u a l  observa t ion ;  photography. 

Orient t o  evasive maneuver a t t i t u d e ;  CSM +X towards 
e a r t h  ; a l igned  with r ad ius  vec to r .  

I n i t i a t e  1 . 5  f p s  r a d i a l l y  outward evasive maneuver 
us ing  -X RCS j e t s .  

LH2 NPV turned  on. 

LH2 NPV tu rned  o f f .  

Command t o  LOX dump a t t i t u d e  and ho ld  wi th  r e s p e c t  
t o  t h e  l o c a l  h o r i z o n t a l ;  P = 216O, Y = O o ,  R = 180' 
( r e f .  1 6 ) .  

LH2 propuls ive  vent (PV) tu rned  on. (AV = 24.0 f p s )  

, 
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TABLE 11.- POST-TLI SEQUENCE OF EVENTS - Concluded 

T i m e  from 
TB7, s e c  

9000 

Event 

I n i t i a t e  LOX dump command on (AV = 75 ?r 16 a s ) .  

S-IVB LOX dump command off 

S-IVB APS on ( A V  = 41 f ’ps). 

. 



0 

. 

J 
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TABLE 1V.- ABORT MODE II SEQUENCE OF EVENTS 

. 

Time  , 
min : s e c  

0 :oo 

0 : 0 3  

0 :03.8 (approximate) 

0:04 (nominal) 

0:Ob + CRT2 

0:24 

Time  , 
min : s e c  

0 :oo 

0 : 0 3  

0 :03.8 (approximate) 

0:04 (nominal) 

Event 

Abort i n i t i a t e  

LV cu to f f  

Di rec t  u l l a g e  on 

CSM/LV s e p a r a t i o n  

SCS enabled 

Four-jet  uncontrol-e " d i r e c t  u l lage"  becomes 
+X t r a n s l a t i o n  under SCS c o n t r o l  

CSM body rates are monitored 

a. If rates are not  h igh ,  +X t r a n s l a t i o n  i s  
maintained 

b .  If rates are h igh ,  SPS ra te  damping i s  
i n i t i a t e d  ( 2  s e c  SPS burn minimum) and 
+X t r a n s l a t i o n  i s  te rmina ted  a t  SPS 
i g n i t i o n  +1.0 s e c  

Terminate +X t r a n s l a t i o n  i f  no SPS burn w a s  
requi red  

Execute CM/SM sepa ra t ion  as soon as p o s s i b l e  

Maneuver CM t o  e n t r y  a t t i t u d e  
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TABLE V.- ABORT MODE I11 SEQUENCE OF EVENTS 

Time  , 
min : sec 

0 :oo 

0 : 0 3  

0 : 0 3.8 ( approximat e 

0 : 04 ( nominal) 

0:04 + CRT2 

0:24 

2:05 

T ime  varies 

Event 

Ab o r t  i n  it i at e 

LV c u t o f f  

Di rec t  u l l a g e  on 

CSM/LV s e p a r a t i o n  

SCS enabled 

Four- j e t  uncont ro l led  " d i r e c t  u l lage"  be  comes 
+X t r a n s l a t i o n  under SCS c o n t r o l  

CSM body rates are monitored 

a. If rates a r e  not  h i g h ,  +X t r a n s l a t i o n  i s  
maintained 

b .  If rates are h i g h ,  SPS rate damping i s  
i n i t i a t e d  ( 2  s e c  SPS burn  minimum) and 
+X t r a n s l a t i o n  i s  te rmina ted  a t  SPS 
i g n i t i o n  +1.0 s e c  

Terminate +X t r a n s l a t i o n  if no SPS burn w a s  
requi  r ed  

Maneuver CSM t o  hor izon  monitor r e t r o g r a d e  
a t t i t u d e ,  heads up ( f i g .  28) 

I n i t i a t e  SPS burn 

Terminate SPS burn when t a r g e t  condi t ions  
s a t  i s  f i e d  



TABLE V I . -  ABORT MODE I V  SEQUENCE OF EVENTS 

I T i m e ,  
min : see  

0 : o o  

0 : 0 3  

3 : 0 3.8 ( a p p r o x h a t e  ) 

0 :04 (nominal) 

0:04 + CRT2 

0:24 

2:05 

T ime  varies 

T i m e ,  
min : see  

0 : o o  

0 : 0 3  

3 : 0 3.8 ( a p p r o x h a t e  ) 

0 :04 (nominal) 

0:04 + CRT2 

0:24 , 

2:05 

T ime  varies 

Event 

Abor t  i n i t i a t e  

LV c u t o f f  

Direct  u l l a g e  on 

CSM/LV sepa ra t ion  

SCS enabled 

Four- j e t  uncont ro l led  " d i r e c t  u l l age"  becomes 
+X t r a n s l a t i o n  under SCS c o n t r o l  

CSM body r a t e s  are monitored 

a. If rates  are not  h igh ,  +X t r a n s l a t i o n  
i s  maintained 

b .  If rates are h igh ,  SPS rate damping i s  
i n i t i a t e d  ( 2  s e c  SPS burn minimum) and 
+X t r a n s l a t i o n  i s  te rmina ted  a t  SPS 
i g n i t i o n  +1.0 s e c  

Terminate +X t r a n s l a t i o n  i f  no SPS burn was 
r equ i r ed  

Maneuver CSM t o  o r b i t  i n s e r t i o n  a t t i t u d e  
( f i g .  31) 

I n i t i a t e  SPS burn 

Terminate SPS burn on AV 
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TABLE VII .- ORBITAL ABORT SEQUENCE OF EVENTS" 

T i m e ,  
min:sec 

0:o 

0 :o 

0 :5  

0:24 

0 : 5 4  

1 : 2 4  

20 :oo 

Variab le  

- ~ ~~~ 

Event 

Abort i n i t i a t e  

Di rec t  u l l age  on 

I n h i b i t  APS u l l a g e  

CSM/S-IVB sepa ra t ion  

Begin +X t r a n s l a t i o n  

Terminate +X t r a n s l a t i o n .  Coast 30 seconds;  
o r i e n t  t o  hor izon  monitor a t t i t u d e  ( r e t r o g r a d e ,  
heads up f i g u r e  28)  

Begin +X t r a n s l a t i o n  

Terminate +X t r a n s l a t i o n ;  o r i e n t  t o  deo rb i t  
a t t i t u d e  ( f i g  . 28) 

SPS deorb i t  burn  i n i t i a t e  

SPS o f f ;  t a r g e t  condi t ions  s a t i s f i e d  

%his  sequence i s  recommended t o  be used where manual 
take over  of t h e  S-IVB t o  r e o r i e n t  t o  r e t rog rade  a t t i t u d e  
is  not f e a s i b l e .  
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TABLE V I I 1 . -  SEQUENCE OF EVENTS FOR T L I  ABORTS 

Time from TB7, 
min:sec 

00 : 00 

00 :03 

00 :13 

01:oo 

01:07.3 

10 :oo 

Event 

I n i t i a t e  abor t  S-IVB c u t o f f  

I n i t i a t e  +X RCS u l l a g e  

CSM/S-IVB p h y s i c a l  s epa ra t ion  

+X RCS t r a n s l a t i o n  on 

+X RCS t r a n s l a t i o n  o f f  a l i g n  
CSM +X-axis wi th  rad ius  vec to r ,  
towards e a r t h  

I n i t i a t e  1 . 5  f'ps r a d i a l l y  outward 
evasive maneuver 

-x RCS t r a n s l a t i o n  on 

-X RCS t r a n s l a t i o n  off o r i e n t  
t o  SPS abor t  a t t i t u d e  
( f i g .  10) 

I n i t i a t e  SPS abor t  burn 
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TABLE IX.-  SEQUENCE OF EVENTS FOR TLC 90 MINUTE ABORT 

T ime  from TB7,  
min:sec 

00 : 00 

25 : 00 

25:io 

26 : 00 

26:07.3 

g0:oo 

Event 

s-IVB c u t o f f  

I n i t i a t e  abor t  CSM/S-IVB 
s e p a r a t i o n  

I n i t i a t e  +X RCS t r a n s l a t i o n  

+X RCS t r a n s l a t i o n  o f f  a l i g n  
CSM +X-axis wi th  r ad ius  
v e c t o r ,  towards e a r t h  

I n i t i a t e  1 . 5  fps  r a d i a l l y  

-X RCS t r a n s l a t i o n  on 
outward evasive maneuver, 

-X RCS t r a n s l a t i o n  o f f ,  o r i e n t  
t o  SPS abor t  a t t i t u d e  
( f i g .  11) 

I n i t i a t e  SPS abor t  burn 
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TABLE X.- SEQUENCE OF EVENTS FOR ABORTS INITIATED 

DURING STATION KEEPING (TB7 + 25 t o  40 MINUTES) 

T i m e  from abor t  i n i t i a t i o n  
min : see  

00 : 60 

Event 

I n i t i a t e  abor t  

Align CSM + X - a x i s  wi th  r ad ius  
v e c t o r ,  towards e a r t h  

End o r i e n t a t i o n  

I n i t i a t e  1 . 5  f p s  r a d i a l l y  in-  
ward evas ive  maneuver 

+X RCS t r a n s l a t i o n  on 

+X RCS t r a n s l a t i o n  o f f  o r i e n t  
t o  SPS abor t  a t t i t u d e  
( f i g .  2 2 )  
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Entry v e l o c i t y ,  f p s  X ,  f t  Y ,  f t  Z ,  f t  

27 500 776 -1 604 1 674 
31 500 209 -1 629 2 094 
37 500 -238 -1 600 2 271 

TABLE XI.  - CM AND SM ENTRY CORRIDOR RELATIVE SEPARATION DISTANCES' 

( a )  Target  l i n e  e n t r y ,  CM B = 0' 

Range, f t  

2 445 
2 661 
2 787 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

x, f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

121 272 8 458 -4 870 20.0 
63 694 3 684 -3 202 10.5 
36 565 1 328 -1 697 6.0 

a X = Down-range p o s i t i o n  of t h e  SM with r e s p e c t  t o  t h e  CM. 
I f  the  X quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  i n  f r o n t  of 
t h e  CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  behind 
t h e  CM. 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

Y = Cross-range p o s i t i o n  of t h e  SM wi th  r e s p e c t  t o  t h e  CM.  
If the  Y quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  south of t h e  
CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  no r th  of t h e  
CM . 

x, f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

600 992 203 937 -40 433 104.7 
506 941 207 354 -44 562 90.4 
383 862 190 320 -50 011 71.0 

Z = Vert ica l  p o s i t i o n  of t h e  SM wi th  r e s p e c t  t o  t h e  CM.  I f  
t h e  Z quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  above t h e  CM. 
A negative va lue  i n d i c a t e s  t h e  SM i s  below t h e  CM.  

Range = JX2 + Y2 + Z2 

. 
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Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

< 

TABLE X I . -  CM AND SM ENTRY CORRIDOR RELATIVE 

SEPARATION DISTANCES" - Continued 

( b )  Target l i n e  e n t r y ,  CM B = 55' S 

X ,  f t  Y ,  f t  Z ,  f t  Range, f t  

77 6 -1 604 1 674 2 445 
209 -1 629 2 094 2 661 
-238 -l 600 2 271 2 787 

1 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

I CM a l t i t u d e  = 200 000 f t  

x, f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

97 553 -105 294 -6 777 23.6 
52 702 -49 987 -4 193 12.0 
29 839 -28 516 -2 210 6.8 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

x, f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

-674 479 -814 258 -72 764 174.4 
-896 084 -669 410 -85 289 184.6 

-1 181 672 -402 119 -102 491 206.1 

a X = Down-range p o s i t i o n  of t h e  SM with r e spec t  t o  t h e  CM. 
If t h e  X q u a n t i t y  i s  p o s i t i v e ,  t h e  SM i s  i n  f r o n t  of 
t h e  CM. A nega t ive  value i n d i c a t e s  t h e  SM i s  behind 
t h e  CM. 

Y = Cross-range p o s i t i o n  of t h e  SM with r e s p e c t  t o  t h e  CM. 
If t h e  Y quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  south of t h e  
CM. A nega t ive  value i n d i c a t e s  t h e  SM i s  nor th  of t h e  
CM . 

Z = V e r t i c a l  p o s i t i o n  of the SM wi th  r e spec t  t o  t h e  CM. I f  
t h e  Z quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  above t h e  CM. 
A nega t ive  va lue  ind ica t e s  t h e  SM i s  below t h e  CM. 

Range = J X 2  + Y2 + Z2  
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Entry v e l o c i t y ,  f p s  X ,  f t  Y ,  f t  Z ,  f t  

27 500 776 -1 604 1 674 
31 500 209 -1 629 2 094 
37 500 -238 -1 600 2 271 

TABLE X I . -  CM AND SM ENTRY CORRIDOR RELATIVE 

SEPARATION DISTANCESa - Continued 

( c )  Target  l i n e  e n t r y ,  CM B = 55O N 

Range, f t  

2 445 
2 661 
2 787 

Entry v e l o c i t y ,  f p s  x, ft Y ,  f t  Z ,  f t  

27 500 72 965 82 031 904 
31 500 41 884 40 877 345 
37 500 25 585 24 061 485 

i- 

"x = D o w a n g e  p o s i t i o n  of t h e  SM wi th  r e spec t  t o  t h e  CM. 
I f  t h e  X quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  i n  f r o n t  of 
the  CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  behind 
the CM. 

Range, n .  m i .  

18.1 
9.6 
5.8 

i / -  

Y = Cross-range p o s i t i o n  of t h e  SM wi th  r e s p e c t  t o  t h e  C M .  
I f  t h e  Y quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  south of t h e  
CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  no r th  of t h e  
CM . 

Entry v e l o c i t y ,  f p s  x, f t  Y ,  f t  z ,  f t  

27 500 -552 159 1 066 263 -45 139 

37 500 -773 923 1 034 965 -53 430 
31 500 -648 446 1 059 913 -48 174 

Z = V e r t i c a l  p o s i t i o n  of t h e  SM wi th  r e s p e c t  t o  t h e  CM. I f  
t he  Z quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  above t h e  CM. 
A negat ive va lue  i n d i c a t e s  t h e  SM i s  below t h e  CM. 

Range = JX2 + Y2 + Z2  

Range, n .  m i .  

197 - 8 
212.9 
204.6 



35 

> 

CM a l t i t u d e  = 400 000 f t  
1 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

CM 

2 673 
-267 2 800 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

+ 

a l t i t u d e  = 200 000 f t  I 
X ,  f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

11 452 -745 140 1.9 
13 701 -525 144 2.3 
17 566 -182 -176 2.9 

Entry  v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

x ,  f t  Y ,  f t  z ,  f t  Range, n .  m i .  

139 545 73 305 -43 049 26.9 
150 386 89 059 -46 498 29.8 
160 712 108 991 -51 462 33.1 

a X = Down-range p o s i t i o n  of t h e  SM with r e spec t  t o  t h e  CM. 
If t h e  X quan t i ty  i s  p o s i t i v e ,  t h e  S M  i s  i n  f r o n t  of 
t h e  CM. A nega t ive  value i n d i c a t e s  t h e  SM i s  behind 
t h e  CM. 

Y = Cross-range p o s i t i o n  of t h e  SM with r e spec t  t o  t h e  CM. 
If t h e  Y quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  south of t h e  
CM. A nega t ive  value i n d i c a t e s  t h e  SM i s  no r th  of t h e  
CM . 

Z = V e r t i c a l  p o s i t i o n  of the SM with r e spec t  t o  t h e  CM. If 
t h e  Z quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  above t h e  CM. 
A negat ive va lue  ind ica t e s  t h e  SM i s  below t h e  CM. 

Range = JX2  + Y2 + Z2 
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Entry v e l o c i t y ,  f p s  X ,  f t  Y ,  f t  

27 500 905 -1 468 
31 500 191 -1 628 
37 500 -258 -1 602 

TABLE X I . -  CM AND SM ENTRY CORRIDOR RELATIVE 

SEPARATION DISTANCESa - Concluded 

( e )  Overshoot boundary e n t r y ,  CM 6 = 0' 

Z, f t  Range, f t  

1 314 2 168 
2 097 2 662 
2 270 2 791 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

x, f t  Y ,  f t  Z ,  f t  Range, n .  m i .  

54 598 3 029 42 498 11.4 
26 813 1 024 24 139 5.9 
13 475 -136 14 495 3.3 

a X = Down-range p o s i t i o n  of t h e  SM with r e spec t  t o  t h e  CM. 
I f  t he  X quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  i n  f r o n t  of 
t h e  CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  behind 
t h e  CM. 

Entry v e l o c i t y ,  f p s  

27 500 
31 500 
37 500 

Y = Cross-range p o s i t i o n  of t h e  SM wi th  r e s p e c t  t o  t h e  CM.  
If the  Y quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  south  of t h e  
CM. A nega t ive  va lue  i n d i c a t e s  t h e  SM i s  no r th  of t h e  
CM . 

x, f t  Y ,  f t  z ,  f t  Range, n .  m i .  

318 098 30 641 140 953 57.5 
297 598 30 284 130 985 53.7 
278 420 28 319 120 865 50.2 

Z = Ver t i ca l  p o s i t i o n  of t h e  SM w i t h  r e s p e c t  t o  t h e  CM.  If 
t h e  Z quan t i ty  i s  p o s i t i v e ,  t h e  SM i s  above t h e  CM. 
A negat ive va lue  i n d i c a t e s  t h e  SM i s  below t h e  CM. 

Range = J X 2  + Y 2  + Z2 
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Figure 4 .- CSM Heads Down Horizon Monitor Att i tude 
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In i t ia l  earth-f ixed 
attitude alignment 

I 

4.8" 

Thrust vector \ A Line-of-sight to 
far horizon 

Crew referenced: crew heads up 
x Z i n  orbital plane 

( b ' b ,  

Earth horizon 

Figure 1 0  .- Definit ion of attitude for f ixed aborts from TLI. 
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Figure 11 .- Definition of attitude for TLI-plus-90-minute aborts. 
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(c) Front view (Y-Z plane). 

Figure 1 2  .- Concluded. 
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(a) Local  horizontal versus local vertical range. 

Figure 13 .- Radially inward evasive maneuver for mid-TLI abort relat ive motion 
of the S-IVB and SLA panels w i th  respect to the CSM. 



52 

5 

4 

3 

2 

1 

n 
aJ 5 
0 

a 
e o  
m B  5 -  

2 1  

0) 

VI 

0 

2 

3 

4 

5 

6 
Ahead Behind * 10 8 6 4 

Local  horizontal, ft 

4 6 X l o 3  

(b) Local  horizontal versus crossrange. 

Figure 13.- Concluded. 



53 

. 

10 8 6 4 * Ahead Behind 4 6 X l o 3  
Local horizontal, f t  

(a) Loca l  horizontal versus local vertical range. 

Figure 14.- Radial ly inward evasive maneuver for late-TLI abort relat ive motion 
o f  the S-IVB and SLA panels w i t h  respect to the CSM. 



(b) Local horizontal versus crossrange. 

Figure 14.- Concluded. 



. 

10 8 6 4 * Ahead Behind 2 4 6 X l o 3  
Local  horizontal, f t  

(a) Loca l  horizontal versus local vertical range. 

Figure 15 .- Radial ly outward evasive maneuver for mid-TLI  abort relat ive motion 
of  the S-IVB and SLA panels w i th  respect to  the CSM. 
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Figure 16 .- Radially outward evasive maneuver for late-TLI abort relat ive motion 
o f  the S-IVB and SLA panels wi th  respect to  the CSM. 
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Figure 16 .- Concluded. 
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(a) Local  horizontal versus local vertical range. 

Figure 17 .- Radially inward evasive maneuver for 90 minute T L C  relat ive motion 
of the S-IVB and SLA panels wi th  respect to the CSM. 
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Figure 18.- T L C  90 minute abort relative motion of SLA 
panel 1 with respect t o  the CSM for radially inward 

evasive maneuver. 



(a) Loca l  horizontal versus local vertical range. 

Figure 19.- Radially outward evasive maneuver for 90 minute TLC relat ive motion 
of the S-IVB and SLA panels wi th respect to the CSM. 
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Figure 19.- Concluded. 
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Figure 20 .- TLC 90 minute abort relat ive motion of SLA 
panel 1 for radial ly outward evasive maneuver. 
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Figure 25.- CSM Attitude for CSM/SM Separation Following 
Mode II Abort 
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Figure 3 0.- Relative Earth Radial Separation versus Relative Downrange 
During Entry Following EPO Abort 
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Launch Phase Aborts for Apollo 8 (Mission C ' ) .  
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